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Recent observations by the Alpha Magnetic Spectrometer (AMS-02) have tentatively detected a handful of
cosmic-ray antihelium events. Such events have long been considered as smoking-gun evidence for new physics,
because astrophysical antihelium production is expected to be negligible. However, the dark-matter-induced
antihelium flux is also expected to fall below current sensitivities, particularly in light of existing antiproton
constraints. Here, we demonstrate that a previously neglected standard model process — the production of
antihelium through the displaced-vertex decay of Λ¯b-baryons — can significantly boost the dark matter induced
antihelium flux. This process can triple the standard prompt-production of antihelium, and more importantly,
entirely dominate the production of the high-energy antihelium nuclei reported by AMS-02.
I. INTRODUCTION
The detection of massive cosmic-ray antinuclei has long
been considered a holy grail in searches for WIMP dark mat-
ter [1, 2]. Primary cosmic-rays from astrophysical sources are
matter-dominated, accelerated by nearby supernova, pulsars,
and other extreme objects. The secondary cosmic-rays pro-
duced by the hadronic interactions of primary cosmic-rays can
include an antinuclei component, but the flux is highly sup-
pressed by baryon number conservation and kinematic con-
straints [3, 4]. Dark matter annihilation, on the other hand,
occurs within the rest frame of the Milky Way and produces
equal baryon and antibaryon fluxes [1, 5–7]
The preeminent target for cosmic-ray antinucleon searches
is antideuterium, which inhabits a “goldilocks zone” where
the specificity of the dark matter signal is high and the flux
is potentially detectable [5]. Significant satellite- [8] and
balloon-based [9, 10] efforts have been undertaken to poten-
tially detect and distinguish antideuterons from background
events. More recently, 3He has also been considered as a
potential dark matter detection target, though even optimistic
models based on shower-averaged nucleon statistics indicate
that the 3He flux should fall several orders of magnitude below
that of d¯ [11, 12].
Recently, however, the Alpha Magnetic Spectrometer
(AMS-02) has announced the potential detection of O(10)
3He events, along with ∼2 potential 4He events [13]. Such
a detection could revolutionize the search for dark matter, as
the probability of such a signal from astrophysical mecha-
nisms is vanishingly small [3, 12–18]. Unfortunately, how-
ever, dark matter models are naively expected to also pro-
duce 1 detectable antihelium event [11, 12]. Because the
verification of a detectable antihelium flux would qualify as
bulletproof evidence of new physics, several studies have in-
vestigated adaptations to boost the antihelium rate, including
changes to the coalescence momentum of 3He [19], the effects
of cosmic-ray reacceleration [20], extended dark sectors [21],
or the consideration of exotic sources like primordial antimat-
ter clouds [18].
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In this letter, we challenge the current understanding that
standard dark matter annihilation models cannot produce a
measurable antihelium flux. Our analysis examines a known,
and potentially dominant, antinuclei production mode which
has been neglected by previous literature – the production of
antihelium through the off-vertex decays of the Λ¯b. Such bot-
tom baryons are generically produced in dark matter annihi-
lation channels involving b quarks. Their decays efficiently
produce heavy antinuclei due to their antibaryon number and
5.6 GeV rest-mass, which effectively decays to multi-nucleon
states with small relative momenta. Intriguingly, because any
3He produced by Λ¯b inherits its boost factor, these nuclei
can obtain the large center-of-mass momenta necessary to fit
AMS-02 data [13].
State of the Field – We first examine why such decays have
been neglected in previous studies. Dark matter annihilation
is usually assumed to proceed to quark or gluon states. Their
subsequent hadronization produces a cascade of (meta)stable
final-state particles including antiprotons and antineutrons.
Rarely, these antiparticles may fuse to form heavier antinuclei.
Because the dynamics of antinuclei formation are complex, a
“coalescence model” is typically utilized, where antiparticles
formed with relative momenta below a coalescence momen-
tum pc are assumed to combine to form heavier antinuclei.
The value of pc is typically tuned to collider data.
Due to the small production rate of antideuterons and (es-
pecially) antihelium nuclei, most analyses calculate antinuclei
spectra using an “event-averaged” approach. These studies
first calculate the flux of individual antiprotons and antineu-
trons, and subsequently cross-match these particles between
events to calculate the antinuclei yield. This technique pro-
duces high-precision spectral measurements, but assumes that
individual antiparticle momenta are uncorrelated – an assump-
tion that is strongly violated by off-vertex decays.
Several studies have also investigated coalescence in an
event-by-event framework, often with the intention of veri-
fying the accuracy of the event-mixing technique [11, 12, 22].
However, these analyses have exclusively focused on prompt
antinucleus production at the initial vertex. Antinuclei orig-
inating from long-lived intermediate resonances have been
rejected to prevent cross-mixing between particles produced
with similar momenta but different phase-spaces. As a conse-
quence, the decay of single intermediate particles into multi-
nucleon final states has been ignored.
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2Methodology – In this study, we examine the antihelium flux
produced by dark matter annihilation on an event-by-event ba-
sis. We improve upon previous techniques by including con-
tributions from multiple antiparticle states produced at single
displaced vertices.
To derive the antihelium spectrum, we employ two state-
of-the-art event generators: Pythia (version 8.2) and Herwig
(version 7.2). Herwig offers the option to carry out Λb decays
with the specialized tool EvtGen, which we also consider.1
While Herwig reproduces the LEP measurement of the tran-
sition ratio f(b → Λb) = 0.1+0.04−0.03 [23, 24] within 1σ, Pythia
falls short by a factor ∼ 3. Thus, we also consider a tuned
version of Pythia (denoted “Λb-tune”) where we increase di-
quark formation in hadronization (probQQtoQ) to match the
Λb production rate at LEP.
Nucleus formation is implemented via an event-by-event
coalescence model. The latter contains the coalescence mo-
mentum pc as a single free parameter that determines the
phase space window in which coalescence takes place. While
pc is well-defined in the case of antideuterons, which include
only two particles, several potential definitions of pc exist for
multi-particle states like antihelium. The authors of Ref. [12]
require that all three particle pairs must have a momentum dif-
ference |pi−pj | < pc, while Ref. [11] instead assumes that all
three particles must lie within a sphere centered on the center
of momentum with a radius pc/2. These results produce an-
tihelium fluxes that differ by ∼15%, which can be accounted
for by normalizing the value of pc to ALICE data.
In this work, we assume antihelium nuclei merge if all par-
ticles lie within a momentum sphere of radius 21/6pc/2. The
extra factor of 21/6, compared to [11], is required to match the
definition of pc in the analytic coalescence model (see (A2)).
This assumption is discussed in detail in Appendix A. In addi-
tion to the coalescence condition, we require antinucleons to
either originate from the initial vertex or from the same parent
particle vertex (most importantly the Λ¯b).
We determine pc separately for each Pythia and Herwig im-
plementation via a fit to antideuteron data from ALEPH and
antihelium data from ALICE as described in Appendix A:
pc = 239
+25
−30 MeV (Pythia)
pc = 124
+13
−16 MeV (Pythia Λb-tune)
pc = 215
+25
−30 MeV (Herwig, Herwig+EvtGen) (1)
Notice that the diquark parameter in Pythia also significantly
boosts prompt antinucleus production. This is compensated
through a reduction of the coalescence momentum by a factor
∼ 0.6 in the Λb-tune compared to default Pythia.
We stress that the results of our analysis are independent of
dark matter mass. However, the expected spectrum of anti-
helium events will depend on the boost-factor imparted to the
Λ¯b, which depends on the dark matter mass and final annihi-
lation state. As a benchmark scenario, we takemχ = 67GeV,
1 In the default configuration, Herwig uses EvtGen for B decays but its own
cluster hadronization algorithm for Λb decays.
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FIG. 1. The antihelium injection spectrum from dark matter annihi-
lation using the Pythia event generator. The prompt and Λ¯b-induced
contributions are shown separately. The antihelium flux from Λ¯b de-
cays exceeds that of prompt events by nearly a factor of two, and
entirely dominates the production of high-energy antihelium.
〈σv〉 = 2× 10−26 cm3/s and assume that dark matter annihi-
lates into bottom quarks. These choices are motivated by ob-
servations of the Galactic center excess and antiproton excess
in similar regions of the dark matter parameter space [25–27].
Additionally, we examine a tuned-scenario, where a dark mat-
ter particle of initial mass 80 GeV annihilates through light-
mediators (φ), with masses of 14 GeV, which subsequently
decay to bb¯ final states. Such a scenario places a significant
fraction of the particle energy directly above the Λ¯b mass, in-
creasing the relative antihelium production rate. While we
refrain from a detailed fit to AMS-02 antiproton data, we note
that our coalescence modeling does not affect the antiproton
flux, and our models predict similar antiproton yields as pre-
vious work fitting the AMS-02 excess [26–28].
To calculate the antihelium flux and spectrum at Earth, we
must also account for the propagation of antihelium nuclei
through the Galactic halo. Because this propagation is not
the focus of our study, we employ a standard two-zone diffu-
sion model fit to AMS-02 B/C and antiproton data [28, 30]
(see Table 3 in [28]). We normalize the dark matter flux
using an NFW density profile [31] with a local density of
0.38 GeV cm−3 [32, 33]. The local propagation of low-energy
cosmic-rays is severely affected by the heliospheric environ-
ment. We account for this effect using an improved force-field
description [34] that includes charge-sign effects related to the
polarity of the Sun. We note that tritons decay to antihelium
before propagating to Earth, and treat this contribution addi-
tively to determine the local antihelium flux.
Results – In Figure 1, we plot the antihelium injection spec-
trum produced by 67 GeV dark matter annihilation using
Pythia. Intriguingly, we find that displaced-vertex Λ¯b de-
cays produce the majority (∼60%) of the total antihelium flux.
More importantly, the boost factor obtained by the Λ¯b is effi-
ciently transferred to antihelium nuclei, dominating the high-
energy regime where AMS-02 events are observed.
In Table I and Figure 2 we compare the integrated and dif-
ferential antihelium flux at Earth with the AMS-02 sensitivity,
finding that, in most models, the addition of Λ¯b decays signif-
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FIG. 2. (Left:) The antihelium flux from dark matter annihilation with 〈σv〉 = 2 × 10−26 cm3/s, for different choices of event generator
as described in the text. The AMS-02 10-year sensitivity taken from [29] is shown as the orange shaded region (see Appendix B). These
results show the significant boost in the number of detectable antihelium events due to Λb decays. (Right:) Same, but for dark matter which
annihilates through 14 GeV light mediators. For this model, Pythia does not predict any prompt events (all events are produced by Λb decay).
icantly increases the total event rate and predicts the detection
of O(1) antihelium event in current AMS-02 data. Interest-
ingly, while the total antihelium injection rate increases by a
factor of a few, the number of detectable antihelium events
increases by more than an order of magnitude due to the in-
creased sensitivity of AMS-02 and the decreasing effect of
solar modulation at higher energies.
In simulations using the Pythia Λb-tune, as well as our Her-
wig+EvtGen model, the predicted number of detected anti-
helium events increases beyond a factor of 100. However,
our default Herwig analysis does not efficiently produce an-
tihelium events through the Λ¯b channel. At first inspection,
this is surprising because Herwig produces a Λ¯b flux that is
4x higher than the default Pythia implementation. However,
while Br(Λ¯b → He) ' 3 × 10−6 in Pythia, this branching
ratio resides below 10−9 in Herwig.
The significant difference between Pythia and Herwig is
rooted in the underlying hadronization models. Pythia uses an
implementation based on the Lund String Model [35], while
Herwig uses a cluster model from Ref. [36]. In both Pythia
and Herwig, the off-shell weak decay:
Λ¯b → d¯ u u¯ (ud)0 (2)
Generator P P [Λb-tune] H H+EvtGen
3He events 0.1 (0.007) 0.9 0.003 0.3
d¯ events 3.7 (3.5) 4.2 1.7 2.1
TABLE I. The expected number of 3He and d¯ events from dark mat-
ter annihilation with 10 yr of AMS-02 data, for our four choices of
event generator. For default Pythia (P), we also list prompt events
in brackets. While both instances of Pythia and the Herwig+EvtGen
model produce a significant enhancement to the antihelium flux, de-
fault Herwig (H) models predict a smaller contribution.
emerges as the dominant channel for displaced antihelium
production, where (ud)0 denotes an antidiquark state. We first
note that the branching fraction to this final state is 5× smaller
in Herwig than in Pythia. However, this explains only a small
fraction of the difference between these results.
Since antihelium carries baryon number −3, two diquark-
antidiquark pairs must be acquired from the vacuum during
hadronization. In the string model such pairs may arise at each
factorization step via string breaking, whereas only quark-
antiquark pairs are created in the analogous cluster fissioning
of Herwig. In the cluster model, new diquarks can emerge in
the final decay of clusters into hadrons. However, we find that
the resulting cluster mass distribution of Λ¯b decays strongly
suppresses multi-baryon final states kinematically. Thus, it
appears that the small phase space of antihelium formation via
Λ¯b isolates a region in which the differences between baryon
production in the string and cluster hadronization models are
most stark. We also note that Herwig produces a larger frac-
tion of events that lie above the coalescence threshold. This is
linked to a smaller probability of pion-emission associated to
the relevant Λ¯b decays compared to Pythia.
While the detailed analysis of the applicability of these
models to Λb decays lies beyond the scope of this work, our
preliminary analysis indicates that reasonable changes to the
input parameters of the Herwig cluster hadronization model
do not qualitatively affect any of the conclusions presented
here. Most notably, scans of the PwtDIquark parameter
(which affects the diquark production probability in cluster
decays) and the utilization of the Kupco hadronization model
only marginally affect antihelium formation. Thus, we note
that our analysis strongly motivates observational and theo-
retical investigations into the physics of Λb decays.
Even in the case of the Pythia and Herwig+EvtGen anal-
yses, we note that the predicted antihelium flux still lies be-
low the tentative detection of O(10) 3He events (and poten-
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FIG. 3. Same as Figure 2, but for antideuterons instead of antihelium. The AMS-02 and GAPS antideuteron sensitivities are taken from [10].
tially O(1) 4He events) by AMS-02. However, the significant
boosts to antihelium production motivate the careful analy-
sis of Λb physics. Given the extreme variations in displaced
antihelium production between the event generators, it is con-
ceivable that the true antihelium flux even lies above the range
obtained in this work. Furthermore, several additional mech-
anisms previously described in the literature (e.g., Alfve´nic
reacceleration [20]) could potentially be coupled with our re-
sults to further enhance the antihelium flux. Finally, we note
that our analysis would predict a∼10x larger antihelium event
rate if we utilized the more optimistic antihelium sensitivity
estimates employed in e.g. [20] (see Appendix B).
Light-Mediator Models – One scenario that further increases
the antihelium flux are models where dark matter annihilates
into light-mediators with masses just above the Λ¯b. This sig-
nificantly increases the fraction of the total dark matter an-
nihilation energy that proceeds through the Λ¯b channel. In
Figure 2 (right), we show the results of such a model, based
on the annihilation of 80 GeV dark matter through a mediator
of mass 14 GeV into a b¯b¯bb final state. This scenario further
boosts the detectable antihelium flux by up to a factor of 3,
and further optimizes the Λ¯b production channel while dimin-
ishing the effect of prompt antihelium production.
Implications for Antideuterons – The primary goal of our anal-
ysis is to examine the effect of Λ¯b baryon decay on antihelium
production. This is motivated by the tentative detection of
O(10) antihelium events by AMS-02. However, Λ¯b decays
can also produce a significant antideuteron flux. As in the case
of antihelium, the boost factor obtained by the Λ¯b is imparted
to the antideuterons, significantly enhancing the high-energy
antideuteron flux compared to previous predictions.
In Table I and Figure 3, we show the integrated and differ-
ential antideuteron fluxes produced by our analysis, utilizing
the calculation for the antideuteron coalescence momentum
discussed in Appendix A. We separate our results into contri-
butions from prompt events and Λ¯b baryons. Unlike antihe-
liums, in the case of antideuterons we also obtain significant
contributions from the displaced vertices of B mesons.
Discussion – In this letter, we have shown that dark matter
annihilations can produce a detectable antihelium flux. Our
model assumes no new physics in the dark sector, but instead
properly accounts for the contribution of displaced-vertex de-
cays of Λ¯b baryons produced in quark hadronization models.
Thus, the results of this study should significantly impact the
current assumption that dark matter annihilation events typi-
cally produce a negligible anti-nuclei flux.
Moreover, our study significantly alters our understand-
ing of the antinuclei spectrum from dark matter annihila-
tion. Previous analytic and computational studies have fo-
cused on prompt antinuclei production [1, 11, 12], predicting
spectra that generically peak at <∼1 GeV. This spectrum has
been utilized to motivate the “silver-bullet” status of antinuclei
searches as a background-free detection strategy, and driven
experimental techniques to enhance the low-energy accep-
tance of balloon-based detectors, such as GAPS [10]. While
our results do not spoil the potential of this strategy, our anal-
ysis provides the new opportunity to augment current searches
with a brighter, high-energy spectral signature.
While our analysis generically predicts an enhancement of
high-energy antihelium, the exact spectrum depends on the
dark matter mass and final state. As an example, models of
300 GeV dark matter particle annihilating to bb¯ produce a Λ¯b-
induced antihelium flux which peaks at ∼30 GeV/n. Con-
versely, for lighter dark matter, the antinuclei energy produced
by Λ¯b decays is reduced, potentially making the Λ¯b induced
antideuteron bump fall within the AMS-02 energy-band.
Finally, while our results are generically produced by lead-
ing algorithms such as Pythia and EvtGen, it is notable that
standard Herwig analyses produce a negligible (though non-
zero) antihelium flux from Λ¯b decay. We have identified the
string/cluster hadronization models as the critical difference
between these codes, and have found that the small kinematic
window for Λ¯b decays to antihelium nuclei isolates a regime
where these approaches differ most acutely. Our results mo-
tivate a dedicated research program to investigate the decay
properties of Λb baryons and to understand the potential of
displaced-vertex antinuclei searches.
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Appendix A: Coalescence Momentum
In the coalescence model [37], (anti)nucleons bind if they
are produced sufficiently close in phase space. The ana-
lytic coalescence model (see e.g. [14]) assumes that antinuclei
spectra can be determined by the product of single-nucleon
spectra (ignoring correlations in multi-nucleon production):
EA
d3NA
dp3A
= BA
(
Ep
d3Np
dp3p
)Z (
En
d3Nn
dp3n
)A−Z
, (A1)
evaluated at pp,n = pA/A. The (constant) coalescence factor
BA of the nucleus A accounts for the phase space volume in
which coalescence takes place. It can be expressed in terms
of the coalescence momentum pc:
BA =
mA
mZp m
A−Z
n
(pi
6
p3c
)A−1
. (A2)
Given that the single-nucleon spectra are spherically symmet-
ric, the expression for the nucleus spectrum simplifies,
dNA
dEA
=
AmA
mZp m
A−Z
n
(
Ap3c
24 pA
)A−1(
dNp¯
dEp¯
)Z (
dNn¯
dEn¯
)A−Z
.
(A3)
The analytic coalescence model works reasonably well for
hadronic collisions (up to intermediate energies). It is less
suited for dark matter annihilation, where final states are emit-
ted in two hard back-to-back jets [38]. It also fails to describe
antinucleus production by the decay of intermediate heavy
hadrons.
In this work, we employ the event-by-event coalescence
model. Dark matter annihilation is simulated with the Monte
Carlo generators Pythia and Herwig. For Pythia we also con-
sider the Λb-tune which was calibrated to reproduce the Λb
production rate at LEP (see main text). In addition we include
a Herwig implementation in which Λb decays are handled by
the specialized tool EvtGen. The event-by-event coalescence
model has the advantage that it fully incorporates correlations
Pythia pc = 215 MeV
Herwig pc = 201 MeV
analytic model pc = 132 MeV
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FIG. 4. Antideuteron spectrum in hadronic Z-decays in the event-
by-event (Pythia, Herwig) and analytic coalescence models. The co-
alescence momentum was adjusted to match the ALEPH data.
in the multi-nucleon spectra as provided by the event genera-
tor. The following coalescence conditions are imposed on an
event-by-event basis.
• Nucleons have to stem from the same interaction vertex.
This can either be the initial vertex or the decay vertex
of the same intermediate particle (e.g. a Λ¯b).
• A multi-nucleon system forms a bound state if – in its
center-of-mass frame – the momentum of each nucleon
is smaller than pc/2 (deuteron) or 21/6pc/2 (helium-3,
triton).
We note that our coalescence condition for helium differs by
21/6 compared to [11]. Our definition appears preferable since
it yields a direct correspondence between the analytic and the
event-by-event coalescence models. The factor 21/6 for he-
lium ensures that the coalescence volume matches a multi-
dimensional sphere of radius pc/2. We explicitly verified that
with the coalescence condition defined above, we can repro-
duce the predictions of the analytic coalescence model once
we erase correlations through event-mixing.2
The coalescence momentum is a free parameter and must
be tuned to experimental data. From the viewpoint of antinu-
clei formation, dark matter annihilation bears resemblance to
electron-positron collision. ALEPH has measured e+e− → d¯
at the Z-resonance [39]. The antideuteron production rate
per hadronic Z-decay in the momentum-range pd¯ = 0.62 −
1.03 GeV and polar angle interval | cos θ| < 0.95 was deter-
mined as:
Rd¯ = (5.9± 1.9)× 10−6 . (A4)
2 Event mixing means that we randomly redistribute nucleons between gen-
erated events before applying the coalescence condition.
6 ALICE D
Pythia pc = (219 ± 4) MeV
Herwig pc = (182 ± 6) MeV
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.01
0.02
0.03
0.04
pT [GeV ]
B
2
[G
e
V
2
]
 ALICE He, He, T , T
Pythia pc = 243-15
+12 MeV
Herwig pc = 195-13
+10 MeV
0 1 2 3 4 5
10-4
10-3
10-2
pT [GeV ]
B
3
[G
e
V
4
]
FIG. 5. Coalescence factor as a function of the transverse momentum
for antideuteron (upper panel) and antihelium (lower panel) forma-
tion. The ALICE data are shown together with the best fit and un-
certainty band in the event-by-event coalescence model (Pythia and
Herwig). In the case of B3, (anti)triton and (anti)helium data were
combined to increase the statistics (for better visibility, data taken at
the same transverse momentum appear slightly shifted in the figure).
From the ALEPH data we determine the antideuteron coa-
lescence momentum for dark matter (χ) annihilation (follow-
ing a similar approach as [38, 40, 41]):
pc
(
χχ→ d¯) = 215+19−23 MeV (Pythia)
pc
(
χχ→ d¯) = 124+11−13 MeV (Pythia Λb-tune)
pc
(
χχ→ d¯) = 201+20−24 MeV (Herwig) (A5)
In the Pythia Λb-tune model, the increased diquark formation
probability scales up the deuteron spectrum which is compen-
sated by the significantly reduced pc. The Herwig result, on
the other hand, does not depend on whether the EvtGen op-
tion is enabled. We note that the deuteron spectra obtained
with Pythia and Herwig look significantly different even when
normalized to the ALEPH measurement. This is illustrated in
Figure 4. For comparison we also included the spectrum of
the analytic coalescence model. The spectra corresponding to
the Pythia and Herwig modifications are not shown separately
since they exhibit a similar shape as the respective default con-
figurations.
Antihelium production has so far only been measured in
pp collisions by ALICE [42] at a high center-of-mass energy
of
√
s = 7 TeV. Due to the major differences in the ini-
tial state compared to standard dark matter annihilation mod-
els, we refrain from directly normalizing dark matter induced
antihelium fluxes to the ALICE result. However, the ratio
of deuteron and helium coalescence momenta should only
weakly depend on the initial state. Therefore, we extract the
antihelium coalescence relevant for dark matter annihilation
(simply denoted by pc in the main part) from the following
expression:
pc = pc
(
χχ→ d¯)× pc (pp→ He)
pc
(
pp→ d¯) . (A6)
ALICE determined the coalescence factor BA (A = 2, 3) de-
fined as in eq. (A1). In the analytic coalescence model BA
is a constant – in conflict with the ALICE data in which it
exhibits a significant transverse-momentum-dependence. The
latter can be explained by correlations in the antinucleon pro-
duction which are accounted for in the event-by-event coales-
cence model. Generalizing (A2), we define
BA = ξ(pA)
mA
mZp m
A−Z
n
(pi
6
p3c
)A−1
, (A7)
where we now include an additional momentum-dependent
correlation factor ξ. We determine ξ with the event genera-
tors Pythia and Herwig and then fit pc to the ALICE data (see
Figure 5).
The coalescence momenta extracted from our fit are thus:
pc
(
pp→ d¯) = (219± 4) MeV (Pythia)
pc
(
pp→ d¯) = (182± 6) MeV (Herwig)
pc
(
pp→ He) = 243+12−15 MeV (Pythia)
pc
(
pp→ He) = 195+10−13 MeV (Herwig)
(A8)
We verified that pc(pp → He)/pc(pp → d¯) agrees between
default Pythia and the Λb-tune. Similarly, the ratio in Herwig
is not affected if the EvtGen option is enabled. The antihe-
lium coalescence momentum for dark matter annihilation as
derived from (A6) is stated in (1).
7Appendix B: Helium Sensitivity
We define the antihelium acceptance ηHe such that
NHe =
∫
dR ΦHe ηHe(R) , (B1)
whereNHe denotes the observed number of antihelium events,
ΦHe the antihelium flux andR the rigidity. The AMS-02 pro-
jected 10-year constraint, translated from the expected 18 year
limit of 5× 10−10 [29] is:(
He
He
)
max
= 9× 10−10 (B2)
at 95% CL (corresponding to 3 He events) in the rigid-
ity range R = 1 − 50 GV. Assuming that antihelium and
helium acceptances have a similar rigidity-dependence (i.e.
ηHe(R)/ηHe(R) = const) we derive:
ηHe(R) =
3
(He/He)max
ηHe(R)
NHe
. (B3)
Extracting the number of observed helium events NHe and the
helium acceptance from the supplemental material of [43], we
determine the antihelium acceptance as a function of rigidity.
The sensitivity shown in Figure 2 is obtained after converting
rigidity to kinetic energy per nucleon.
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